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Abstract
In Germany shallow groundwater is studied at approx. 13,000
monitoring sites. State environmental agencies and water works
report findings of plant protection products to the Federal Envi-
ronmental Agency (UBA), which publishes lists with the re-
ported findings. In cases where plant protection products exceed
the limit values, the approval authorities require that the data are
explained by the respective manufacturers of the active sub-
stances. In the evaluation presented here, 151 findings for five
active substances are collectively analysed and the cause of en-
try determined and classified (Table 1).
Chemical analyses for these five active substances are con-
ducted annually for 2,000 to 4,000 wells of the federal state wa-
ter monitoring programme (status 1999). The authorities re-
quired that findings, which were reported for the years 1990 to
2002, must be examined. The purpose of this examination is to
establish which findings result from technically correct uses in
agriculture, how they came about and which findings are based
on errors, e.g., in the analysis. Typical examples of various cause
classes are presented. The evaluation shows that 142 findings
(94 % of all findings) were classified as not relevant to the ap-
proval process, because they did not originate from a technically
correct and regulation-compliant use followed by leaching from
the treated soil surface into the groundwater. The main causes
were surface water entry in the monitoring well, effects of waste-
water, other contamination sources and deficient monitoring well
quality (Tab. 1). Findings from some sampling sites were false
positives or the samples were not taken from the groundwater.
These findings do not permit conclusions regarding the leaching
properties of the plant protection substances. All these cases
(94 % of all examined findings) must be assessed as not being ap-
proval relevant. A total of only nine reported findings (6 %) are
considered as potentially suited to assess the risk of leaching of
the plant protection substances into groundwater. In these cases
groundwater was actually sampled that represented a groundwa-
ter situation, which was not affected in a way as described above.
In four of these nine findings, a non-representative, special hy-
drogeological situation is the cause of substance entry into the
groundwater monitoring well. In most of these cases, remedies
are available with simple construction measures, such as subsoil
drainage. Leaching from the treated soil surface could not be
ruled out in only five findings (3 % of all reports). Considering
the widespread use of the five active substances and the high test-
ing density, this number of possibly approval-relevant cases ex-
ceeding the limits appears very low.
Since the mid-1990s, the leaching potential of plant protection
products has been tested in the German approval process using
model calculations and higher level, three-year lysimeter trials.
The high level of certainty of this procedure is affirmed by the
clarification of findings from groundwater monitoring on a na-
tional scale. The conclusion of the latest report of the Expert Ad-
visory Council on Environmental Issues (Environmental Coun-
cil, SRU 2004) of the German Environmental Ministry that the
groundwater is insufficiently protected is not supported by the
monitoring results. The opposite is true. The Environmental
Council does not differentiate between findings caused by waste-
water influenced monitoring wells and from former treatments
on railway tracks as sources of groundwater contamination on
one hand and correct use in agriculture on the other. The Expert
Council’s demand for a stricter approval procedure is without a
factual base.
The following recommendations are based on the evaluation of
the findings:
● The selection of monitoring wells that are used for an assess-
ment of the potential leaching risk of plant protection products
into the groundwater requires a critical examination. For as-
sessments, only high quality monitoring wells located at ap-
propriate sites and free of extraneous influences should be
used. As a minimum, the quality criteria of the German Work-
ing Group of the Federal States on water issues (Länderar-
beitsgemeinschaft Wasser, LAWA) of 1999 must be met.
● Sampling of groundwater for plant protection product analy-
sis requires special qualifications and caution by the person-
nel to prevent sample contamination.
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Table 1. Reasons for findings of five plant protection products in
shallow groundwater in Germany (concentrations of approxi-
mately 0.1 µg/L and higher)
Cause class Findings
(number/%)
Surface water entry (e.g., bank filtration, ditch water) 38 (25 %)
Wastewater inflow (sewage treatment plants, canals) 26 (17 %)
Sample contamination/error of analysis
(false positive finding) 19 (13 %)
Point source (e.g., farm run-off without soil passage) 16 (10.5 %)
Deficient monitoring well quality
(pursuant to LAWA 1999) 15 (10 %)
Old dump/waste 14 (9 %)
Not a groundwater sample 6 (4 %)
Incorrect use on paths and open areas 4 (3 %)
Contamination of the monitoring well / sample 3 (2 %)
Transcription error 1 (0.5 %)
Specific hydrogeology (e.g., crevices) 4 (3 %)
Leaching from the area cannot be ruled out 5 (3 %)
Sum of findings 151 (100 %)
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● The testing laboratory should comply with the highest quality
standards with respect to both the methodology and the expe-
rience in the analysis of the substance in the trace range (par-
ticipation in ring tests, method validation etc.).
● In cases of positive findings an on-site plausibility check by
the primary examiner must be performed. Positive data, espe-
cially individual findings, should generally be supported by
repetition of the sampling and analysis.
● Secured findings must be reported without delay also to the
permit holder for further clarification and a stoppage of the
cause of the introduction (also in the meaning of groundwater
protection).
● Interpretation of the statistics should only be based on recent
and valid measurements as well as on suitable statistical eval-
uations.
● As a principle, approval-relevant findings must be treated
differently from findings that were not caused by technically
correct and regulation-compliant application of the sub-
stances.
Key words: Plant protection products, groundwater monitor-
ing, findings, causes, clarification, approval procedure, evalua-
tion
Zusammenfassung
In Deutschland wird das oberflächennahe Grundwasser an ca.
13 000 Messstellen untersucht. Landesanstalten für Umwelt-
schutz und Wasserwerke melden Funde von Pflanzenschutzmit-
teln an das Umweltbundesamt, das eine Liste der gemeldeten
Funde veröffentlicht. Bei grenzwertüberschreitenden Fundmel-
dungen zu Pflanzenschutzmitteln fordern die Zulassungsbehör-
den Fundaufklärungen von den betroffenen Wirkstoffherstellern,
die die Ursache aufklären sollen. In der vorliegenden Arbeit wur-
den 151 derartige Fundaufklärungen für insgesamt fünf Wirk-
stoffe zusammenfassend ausgewertet, die Eintragsursachen er-
mittelt und in Klassen gruppiert (Tab. 1). Für diese fünf Wirk-
stoffe werden pro Jahr jeweils ca. 2000 bis 4000 Messstellen im
Monitoringprogramm der Bundesländer analysiert (Stand 1999).
Die Überprüfung der Fundmeldungen, die aus den Jahren
1990 bis 2002 stammen, war von den Behörden gefordert wor-
den. Mit dieser Überprüfung sollte geklärt werden, welche Fund-
meldungen aus sachgemäßer Anwendung in der Landwirtschaft
stammten, wie sie zustande gekommen waren und welche Mel-
dungen auf Fehlbefunden, wie z. B. Analysefehlern, beruhen. Ty-
pische Beispiele für die verschiedenen Ursachengruppen werden
dargestellt. Die hier vorgestellte Studie zeigt, dass 142 Fundmel-
dungen (94 % aller Fundmeldungen) als nicht zulassungsrelevant
bewertet werden müssen, da sie nicht aus der bestimmungs-
gemäßen und sachgerechten Anwendung und einer anschließen-
den Versickerung von der behandelten Feldfläche in das Grund-
wasser herrühren. Eintritt von Oberflächenwasser in die Mess-
stelle, Einfluss von Abwasser, andere Kontaminationsquellen
und mangelhafte Messstellenqualität waren die Hauptursachen
für die Fundmeldungen (Tab. 1). Funde aus einigen Probenah-
mestellen waren falsch positiv oder die Proben wurden nicht dem
Grundwasser entnommen. In keinem Fall erlauben solche Fund-
meldungen Rückschlüsse auf die potenzielle Verlagerungsnei-
gung von Pflanzenschutzmittelwirkstoffen. Insgesamt wurde nur
in neun Fällen (6 % der Fundmeldungen) tatsächlich Grundwas-
ser beprobt, das eine Grundwassersituation ohne die oben be-
schriebenen Einflüsse darstellte. Nur diese Fälle sind potenziell
geeignet, Rückschlüsse auf das Versickerungspotential von
Pflanzenschutzmittelwirkstoffen in das Grundwasser zu ziehen.
Bei vier dieser neun Funde lag eine nicht repräsentative, spezi-
elle hydrogeologische Situation als Grund für den Eintrag in die
Grundwassermessstellen vor. In den meisten Fällen wäre hier mit
einfachen, bautechnischen Maßnahmen, wie z.B. Anlegen einer
Hangdrainage, Abhilfe zu schaffen. Nur bei fünf Funden (3 % al-
ler Meldungen) konnte eine Versickerung von der behandelten
Fläche nicht ausgeschlossen werden. In Anbetracht des breiten
Einsatzes der fünf Wirkstoffe und der hohen Untersuchungs-
dichte erscheint diese Zahl möglicherweise zulassungsrelevanter
Grenzwertüberschreitungen sehr gering. Die Prüfung des Ver-
sickerungspotentials von Pflanzenschutzmitteln erfolgt im deut-
schen Zulassungsverfahren seit Mitte der 90er Jahre mit Modell-
rechnungen und höherstufigen, dreijährigen Lysimeterversu-
chen. Die hohe Sicherheit dieses Verfahrens wird durch die hier
vorgestellte Fundaufklärung zum bundesweiten Grundwasser-
monitoring bestätigt. Die im aktuellen Bericht des Sachverstän-
digenrats für Umweltfragen (SRU 2004) beim Umweltministe-
rium gezogene Schlussfolgerung, das Grundwasser sei unzurei-
chend geschützt, lässt sich mit Monitoringergebnissen nicht be-
legen. Das Gegenteil ist der Fall. Der SRU nimmt keine Tren-
nung zwischen Fundmeldungen vor, die aus früheren Anwen-
dungen im Gleisbereich oder aus Abwasser-beeinflussten Mess-
stellen stammen und solchen, die aus sachgemäßem Einsatz in
der Landwirtschaft herrühren. Die Forderung des Sachverständi-
genrats, das Zulassungsverfahren zu verschärfen, entbehrt der
sachlichen Grundlage.
Folgende Empfehlungen lassen sich aus den Fundaufklärungen
ableiten:
● Die Auswahl von Messstellen, die für die Bewertung eines po-
tentiellen Versickerungsrisikos von Pflanzenschutzmitteln in
das Grundwasser dient, bedarf einer kritischen Prüfung. Zur
Bewertung sollten nur solche Messstellen herangezogen wer-
den, die qualitativ und bezüglich ihrer örtlichen Lage geeignet
und frei von Fremdeinflüssen sind. Zumindest müssen die
Qualitätskriterien der Empfehlungen der Länderarbeitsge-
meinschaft Wasser (LAWA) von 1999 erfüllt sein.
● Die Probennahme von Grundwasser zur Pflanzenschutz-
mittelanalyse erfordert eine besondere Qualifikation und
Sorgfalt der Ausführenden zur Verhinderung von Probenkon-
taminationen.
● Für die Analytik soll das untersuchende Labor höchste Qua-
litätsansprüche erfüllen, sowohl bezüglich der Methoden als
auch hinsichtlich der Erfahrung mit der Analytik der betref-
fenden Substanz im Spurenbereich (Teilnahme an Ringversu-
chen, Methodenvalidierung).
Tabelle 1. Ursachen der Fundmeldungen zu fünf Pflanzenschutz-
mittelwirkstoffen im Grundwasser in Deutschland (Konzentra-
tionsbereich um 0,1 µg/L und höher)
Ursachengruppe Fundmeldungen
(Anzahl/%)
Oberflächenwasserzutritt (z. B. Uferfiltrat,
Grabenwasser) 38 (25 %)
Abwassereinfluss (Kläranlagen/Kanäle) 26 (17 %)
Probenkontamination/Analysenfehler (falsch
positiver Fund) 19 (13 %)
Punktquelle (z. B. Hofabläufe ohne Bodenpassage) 16 (10,5 %)
Mangelhafte Messstellenqualität (gem. LAWA 1999) 15 (10 %)
Altablagerung/Altlast 14 (9 %)
Keine Grundwasserprobe 6 (4 %)
Nicht sachgerechte Anwendung auf Wegen und
Freiflächen 4 (3 %)
Kontamination der Messstelle/Verschleppung in
die Probe 3 (2 %)
Übertragungsfehler 1 (0.5 %)
Spezielle Hydrogeologie (z. B. Klüfte) 4 (3 %)
Versickerung von der Fläche nicht auszuschließen 5 (3 %)
Summe der Funde 151 (100 %)
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● Bei Positivbefunden muss eine Plausibilitätskontrolle durch
den Erstbearbeiter vor Ort erfolgen. Positivbefunde, insbe-
sondere Einzelbefunde, sollten generell durch erneute Probe-
nahmen und Analysen abgesichert werden.
● Gesicherte Funde sollten zur weiteren Aufklärung und ggf.
Abstellung der Eintragsursache (auch im Sinne des Grund-
wasserschutzes) ohne zeitlichen Verzug auch dem Zulas-
sungsinhaber gemeldet werden.
● Interpretationen von Fundstatistiken sollten nur auf Basis von
aktuellen und validen Messungen sowie mit geeigneten statis-
tischen Auswerteverfahren vorgenommen werden.
● Grundsätzlich sollte zwischen zulassungsrelevanten Befun-
den unterschieden werden und solchen, die nicht aus bestim-
mungsgemäßer und sachgerechter Anwendung der Wirkstoffe
herrühren.
Stichwörter: Pflanzenschutzmittel, Grundwassermonitoring,
Fundmeldungen, Ursachen, Aufklärung, Zulassungsverfahren,
Bewertung
1 Introduction
Data on the occurrence of plant protection products in ground-
water in Germany are published on the website of the Federal En-
vironmental Agency (UBA 2003 a, 2004) or in related publica-
tions (e.g., Umwelt 2001, Umweltdaten 2002). State Environ-
mental Agencies and water works report findings from their
monitoring nets to the Federal Agency. For example, in 1999 the
examined number of monitoring wells ranged from 356 to 4,711,
depending on the active substance (results for 20 substances in
the period 1996–1999). The percentage of limit-exceeding cases
(drinking water limit 0.1 µg/L) in 1999 ranged from 0.1 to 5.4%,
depending on the active substance. The median of limit-exceed-
ing cases was less than 0.5% in 1999. In the period from 1990 to
1995, 12,866 monitoring wells in shallow groundwater were ex-
amined (Umweltbundesamt, 2003 b). For widely used active
substances about 2,000 to 4,000 monitoring wells were examined
annually (status 1999, Umweltbundesamt, 2003 a, b). At many
monitoring wells testing for several active substances was car-
ried out.
The approval authorities in Germany require that manufactur-
ers clarify the causes for these reports where values exceed the
limit for active substances or clarifications were conducted on
the initiative of the approval holder. If necessary, additional tests
may be demanded and permits may be restricted. Proposals and
first results of the checking of reported plant protection findings
in water in Germany have already been published by HÄFNER in
1994.
The evaluation presented here documents in total 151 findings
from the years 1990 to 2002. 63 findings pertained to BASF AG
substances, 54 to Bayer Crop Science AG substances and 34 to
those of Syngenta Agro GmbH. The authorities required a clari-
fication of the findings that cover five approved plant protection
products. Four of these substances are commonly used in cereals
and maize crops. One compound is used in other areas, e.g., in
fructiculture and on non-agricultural land. Studies are underway
for a sixth substance for which the results will be reported once
the work has been completed.
In this paper the following terms and definitions are used:
Finding (“Fund”): a detection of an active substance of a
plant protection product in groundwater above the (analytical)
limit of quantitation or detection
Reported Finding (“Fundmeldung”): a finding reported
from a State Environmental Agency or from water works to the
German Federal Environmental Agency (UBA), which then
compiles the reported data in a ranking list
Clarification (“Aufklärung”): process that investigates and
explains/clarifies whether the finding(s) come from correct tech-
nical and regulation compliant use in agriculture or from else-
where (e.g., are false positive findings). During this “clarifica-
tion” the site and the status of the monitoring well is inspected,
the sampling protocol and the analytical raw data etc. are
checked
Evaluation (“Bewertung”): evaluating/assessing the results
of investigations for the five active substances reported here as a
whole
Approval relevance of a finding (“Relevanz für das Zulas-
sungsverfahren”): Findings are defined as approval relevant for
the assessment of the leaching risk of a plant protection product
into the groundwater, when the finding can be traced back to the
active substance leaching from treated agricultural area after cor-
rect technical and regulation-compliant use.
2 Materials and Methods
For the five active substances studied here separate, extensive in-
vestigations were conducted by examining the monitoring wells
and their surroundings on location as well as the analytical pro-
cedure. Specifically, the following details were examined ac-
cording to the criteria proposed by HÄFNER (1994):
● the technical state of the monitoring well (construction, leak-
proofing, seal),
● location and surroundings (e.g., protection against extraneous
influences, injuries of the soil cover in the catchment),
● hydrogeological and pedological conditions,
● cultivation of the areas, location of farms, water bodies and
canals,
● the sampling protocol,
● analytical methods, limits of detection, monitoring results,
plausibility, participation in ring tests, results of earlier sam-
ples and other substances.
Other indicators regarding possible aspects of the testing are
described in ADEN et al. (2002).
The five studies are jointly assessed according to a uniform
procedure in this study. All findings were assessed with regard to
their origin and cause. Information was provided on the actual or
most likely causes of the reported findings and the validity of the
results. Related causes were combined into data groups. The in-
dividual studies of the five active substances, the combined
evaluation and a detailed report have been presented to the Ger-
man approval authorities. The reports (not published) are part of
dossiers submitted by the companies during the approval proce-
dure.
A finding is not always monocausal and the assignment to a
specific cause group is not always definitive, especially after a
time span of several years. In this study assignment of cause is
based on the highest degree of plausibility. For example, a find-
ing was assigned to the cause category, “Surface Water Entry”,
because of the inflow of surface water contaminated with waste-
water. In some cases it would certainly be possible to consider
other classifications but this would have little effect on the rank-
ing of causes.
A further division into approval relevant and not approval rel-
evant findings was undertaken during classification and assess-
ment. Findings in the following factual situations are defined as
approval relevant for an assessment of the potential leaching risk
of plant protection products into the groundwater: the finding can
be traced back to the substance leaching from a treated area after
correct technical and regulation-compliant use. Furthermore, it
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must represent actual groundwater loading and extraneous fac-
tors must not be identifiable.
Based on experience in the evaluation, basic problems and er-
rors in groundwater sampling are represented by examples.
Finally, general recommendations are derived for optimising
the assessment of plant protection products based on groundwa-
ter monitoring studies.
3 Results
3.1 Classification of findings
The groups of causes for findings are represented using typical
examples that were taken from the total of 151 (100 %) examined
values. The largest number of exceeded limit values requiring
clarification came from the state of Baden-Württemberg. It was
followed by the states of Hesse, Brandenburg and Schleswig-
Holstein. The states of Mecklenburg-Vorpommern, Thuringia,
Bavaria, Northrhine-Westphalia, Lower Saxony, Sachsen-An-
halt, Hamburg and Rhineland-Palatinate were represented with
markedly lower numbers in the clarification process. There were
no findings available for examination from other states. An ac-
cumulation of findings in the presence of particular pedological
or hydrogeological situations was not identified.
Surface water entry
The most common cause of plant protection products in ground-
water samples is surface water inflow, especially the entry of
ditch or river water into the immediate inflow area of the ground-
water monitoring wells. This applied to 38 reports (25.2 %).
These effects were derived from the hydraulic situation, or the
hydrochemical parameters of the sampled groundwater, or both.
Two case groups must be differentiated in this context. For one,
there are monitoring wells located on field ditches and streams in
agricultural surroundings and, for another, there are monitoring
wells that have been installed near running waters. In the first
case, the plant protection products obviously originated from the
entry of farm run-off into the small streams or run-off from
treated areas into the ditches on the field margins. In the second
case, the monitoring wells recorded groundwater influenced by
bank filtration that had been diffusely affected by plant protec-
tion products in contaminated surface water. These monitoring
wells were usually specifically installed to assess the effect of
bank filtration on the groundwater (e.g., catchment monitoring
wells). Fig. 1 shows an example of a monitoring well affected by
bank filtration.
Wastewater effects
The cause class defined by the effects of wastewater on ground-
water and the respective monitoring well is the second most com-
mon cause of the presence of plant protection products (26 find-
ings, 17.2 %). In the process, both direct effects on monitoring
wells, e.g., from leaking farm sewage treatment systems and
pipes, were identified as well as indirect effects, e.g., from
sewage system outlets and surface water transport to the affected
monitoring well. This class of causes overlaps in some cases with
Figure 1. Surface water-affected ground-
water monitoring well (bank filtration).
Abb. 1. Oberflächenwasserbeeinflusste
Grundwassermessstelle (Uferfiltrat).
Figure 2. Wastewater-affected monitoring sites with sewage pond.
Abb. 2. Abwasserbeeinflusste Messstellen mit Klärteich.
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that of surface water affected monitoring wells. Wastewater ef-
fects are primarily evident in the occurrence of typical waste-
water components in the groundwater sample. Hydrochemical
and hydrobiological changes include the occurrence of increased
bacterial counts (sewage/liquid manure) and residues of sub-
stances that normally do not occur in the ground (the complex-
ing agent EDTA, pharmaceutical residues, dyes). The following
example shows a sampling site in which wastewater components
were identified in the groundwater (Fig. 2).
Sample contamination/error of analysis
(false positive finding)
A common cause of findings was the group of false positive val-
ues because of sample contamination in the laboratory and analy-
sis errors. 19 findings (12.6 %) fall into this class. This particu-
larly relates to samples from monitoring wells that yielded indi-
vidual findings with inconsistent values and revealed no rela-
tionship to an application scenario of the respective plant protec-
tion product in the near or wide environs of the monitoring well.
These false positives are caused by errors in handling the sam-
ples or related to the laboratory’s analytical procedure. Obvi-
ously, insufficiently validated methods and procedures were
used. Figure 3 shows a monitoring well in which a single finding
of a non-selective herbicide occurred without a relationship to its
use or an extraneous factor being evident.
Point sources (e.g., farm run-off)
Point sources are point entry sites of plant protection product
residues either directly into the groundwater or via a surface wa-
ter passage. 16 findings (10.6 %) were assigned to this category.
These entries are usually associated with the filling and cleaning
of field sprayers or leakages of wastewater tanks. Accidentally
released spray solutions could particularly affect groundwater at
sites where the top soil layer was removed for constructing build-
ings (e.g., sewage tanks, wells, pipes) and no adequate sealing
was installed. Figure 4 shows a sprinkler irrigation well, where
groundwater samples were taken from. The well also had a run-
in from a paved area of the farmyard into the groundwater and
was simultaneously used for sprayer filling.
Insufficient monitoring well quality
Groundwater monitoring wells that do not comply to the rules
and guidelines for the construction and operation of groundwa-
ter quality monitoring wells, because they are not in line with
technical or hydrogeological requirements, are comparatively
common. Such requirements for groundwater quality monitoring
wells have been published by the Working Group of the Federal
States on water issues (LAWA) 1999 and the State Agency for the
Environment (Landesanstalt für Umwelt (LfU) 2001 a, b) in
Baden-Württemberg. 15 values (9.9 %) come from monitoring
wells that do not meet the quality standards of the LAWA or the
LfU. These are monitoring wells that did not permit representa-
tive or reproducible groundwater sampling, especially with re-
gard to analysis for plant protection products in the trace range.
Groundwater sampling sites of this type were usually established
for other purposes than groundwater monitoring (e.g., as fire wa-
ter wells, farm wells or sprinkler irrigation wells) and only later
integrated into the groundwater monitoring networks. Figure 5
shows a fire water well located in a settlement and without well
capping.
Dumps and contamination
Groundwater monitoring wells were in the past often used to as-
sess the effects of old waste and dumps on groundwater. These
monitoring wells usually meet the technical requirements for
groundwater monitoring wells but generally capture the ground-
Figure 3. Monitoring well with a single false positive finding (non-
selective herbicide).
Abb. 3. Messstelle mit falsch positivem Einzelbefund (Totalherbizid).
Figure 5. Unsuitable groundwater monitoring site: fire water well with-
out capping and with oil traces.
Abb. 5. Nicht geeignete Grundwassermessstelle: Löschwasserbrun-
nen ohne Pegelabdeckung und mit Ölschlieren.
Figure 4. Point source near an unsuitable monitoring well.
Abb. 4. Punktquelle an einer ungeeigneten Messstelle.
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water outflow of these old loads with the contingent hydrochem-
ical composition. Specifically in unsecured old dumps and
wastes the release of plant protection products, e.g., from con-
tainers with product residues, must be anticipated. Traffic areas
(roads, railways) are a special case of old waste with a history of
incorrect use of, e.g, triazine-containing herbicides.
Groundwater monitoring wells that are in the influence zone
of old waste generally cannot be used for an assessment of
whether correct technical and regulation-compliant use of plant
protection products on surrounding fields has impaired ground-
water quality. However, this was done in 14 cases (9.3 %).
Figure 6 shows an example with an old dump on railway land.
Non-selective herbicides were released there.
Not a groundwater sample
In six cases (4.0 %) the findings were not relevant for a consid-
eration of the groundwater situation because the samples were
proven not to be groundwater. Rather, surface water (river and
drainage water) and a contaminated water tower tank had been
sampled. Figure 7 shows a situation in which it is proven that sur-
face water and not groundwater was sampled.
Incorrect use in allotment gardens, on paths and in open
areas
This class of causes relates to incorrect application methods of
plant protection products, such as, too high application rates,
Figure 6. Railway station with a contami-
nation from old waste upstream of a mon-
itoring well.
Abb. 6. Bahngelände mit Kontamination
aus Altablagerung im Oberstrom einer
Messstelle.
Figure 7. This sampling site does not monitor any groundwater body.
Abb. 7. Die Probenahmestelle erfasst kein Grundwasser.
Figure 8. Plant protection product findings due to incorrect use in
allotment gardens upstream of the groundwater monitoring well.
Abb. 8. Pflanzenschutzmittelfunde aufgrund nicht sachgerechter
Anwendung in Schrebergärten oberstromig der Grundwassermess-
stelle.
Figure 9. Groundwater monitoring well with findings caused by moni-
toring well contamination.
Abb. 9. Grundwassermessstelle mit Fundmeldung aufgrund von
Messstellenkontamination.
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wrong timing and other abuse. In most cases, these incorrect ap-
plications related to non-commercial use (allotment gardens,
yards and paths, sports fields). It was revealed in the four affected
cases (2.6 %) that technically incorrect applications caused a
contamination of groundwater together with other unfavourable
factors involved, e.g., no covering soil horizons, low distances
from the surface to the groundwater table, highly permeable soil
horizons and high amounts of precipitation.
Figure 8 shows a case in which the measuring site is immedi-
ately downstream from garden allotments, the soil is made up of
river gravel and sand and the groundwater table is merely a me-
ter below the surface. The entry of the non-selective herbicide
originated from a use conforming to regulations on the path and
open areas of the allotments but because of the excessive appli-
cation rate it had obviously not been carried out in a technically
correct manner.
Contamination of the monitoring well/sample
Monitoring wells, within or next to a field, that are unpro-
tected can be contaminated by ordinary product use through
drift or direct coverage by the spraying solution. If samples
are taken, at or close to, the time of the monitoring well con-
tamination and no special measures are taken, findings occur
that originated with the contamination of the monitoring well
and not from the groundwater. Indicators of such cases are ab-
solutely isolated values given the application scenario in the
monitoring well’s environs as well as the given location of the
groundwater monitoring well. Usually, the groundwater moni-
toring wells in this cause class are in impeccable technical
shape (three findings, 2.0 %).
Transcription error
A transcription error was responsible for only one case (0.7 %) of
a reported finding in groundwater.
Special hydrogeological situations
The cause class Special Hydrogeological Situations comprises
only four cases (2.6 %). In these cases, a correct technical and
regulation-compliant application can be assumed.
The search for the cause in spring no. 7 is an example of an ex-
treme geological situation (Figure 10). The entry of the active
substance into the spring did not come from the surface despite
the small top soil cover layer. It was traced back to seepage from
a decentralised sewage system. The groundwater contamination
is facilitated by preferential flow paths (fissures and dolines) in
tertiary limestone.
In other cases, a thicker soil layer and plant growth to prevent
run-off and seepage was lacking, either because of erosion or be-
cause the topsoil had been artificially removed. A rapid lateral
transport caused run-off loaded with plant protection products to
enter the aquifer and the affected monitoring well via crevices.
In these cases simple construction measures, such as subsoil
drainage, will usually provide a quick local remedy. This would
prevent increased infiltration in particularly sensitive areas.
Leaching from the treated soil surface
Five values were recorded in this cause group (3.3 %). Four cases
concerned findings of an herbicide that were found in the imme-
diate groundwater outflow of a garden allotment area and sports
sites. Clarification of the findings left no doubt about the plausi-
Figure 10. Geological situation in the catchment of spring no. 7, Ingelheim, Germany: Wastewater from a farm is collected in septic tanks and
enters the groundwater through leaks. The groundwater contamination is facilitated by fissures and dolines (sinkholes) in tertiary limestone.
Abb. 10. Geologische Situation im Einzugsgebiet von Quelle Nr. 7, Ingelheim, Deutschland: Hofabwasser wird in Klärgruben gesammelt und
versickert durch Lecks in das Grundwasser. Die Grundwasserverunreinigung wird durch Spalten und Dolinen im Kalktertiär erleichtert.
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bility of the values. However, more immediate circumstances re-
garding the method of application could not be determined. In
another case, the presence of the plant protection product was be-
cause of leaching from a cultivated field, despite technically cor-
rect and regulation-compliant application. The affected monitor-
ing well was located directly by the fields, was in a technically
impeccable state and the surroundings were free of possible ex-
traneous effects. The analysis findings were consistent and re-
peated. In the inflow area of the monitoring well a direct rela-
tionship to the use of the recovered active substance to the agri-
cultural area existed. The soil represented a leaching-sensitive
situation (light sandy soils with less than one percent of organic
carbon content). The finding was assessed as approval-relevant.
A restriction of use on this type of soil could provide a remedy
for this comparatively infrequent situation.
3.2 Grouping of detections
The grouping of related causes into classes revealed that the most
common reasons for the detection of plant protection products
are distributed as follows:
Entry of surface water (38 reports/25.2 %)
Effect of wastewater on monitoring wells (26 reports/17.2 %)
Sample contamination or analytical error (19 false positive find-
ings/12.6 %)
Effect of a point source on the well (16 reports/10.6 %)
Technically unsuitable monitoring wells (15 reports/9.9 %)
Dumps/contamination (14 reports/9.3 %)
These cases must be classified as not approval relevant (in total
84.8 % of all findings).
The contamination of surface waters by sewage treatment sys-
tem effluents and leaking wastewater lines is mainly shown in the
cause categories Wastewater Effect on Monitoring Wells (26 re-
ports/17.2 %) and Point Source Effects (16 reports/10.6 %). Al-
together they comprise about 28 % of the examined reports. It
should be noted that valid detections of contaminations in
groundwater may exist, for example at monitoring wells located
close to leaking wastewater pipelines, sewage treatment plant ef-
fluents or downstream of dumps. These findings, despite their
analytical validity as such, do not allow, however, the conclusion
that the groundwater or surface water bodies were contaminated
by plant protection products after application according to Good
Agricultural Practice nearby and subsequent translocation of the
substances from the soil surface into the water bodies.
A lesser number of also non-approval relevant findings can be
attributed to sites at which groundwater was not sampled (six
findings/4.0 %), or where a technically incorrect application oc-
curred on paths and open areas (four findings/2.6 %).
Monitoring wells that were contaminated in the course of
product application (three findings/2.0 %) or where there was a
transcription error (one finding/0.7 %) exhibited no relationship
to entry into the groundwater. They are in no way relevant to an
assessment of the groundwater situation.
A total of nine values (5.9 %) are considered as findings where
groundwater was actually sampled and which represented
groundwater conditions without being affected as described be-
fore. In four (2.6 %) of these nine findings a non-representative,
special hydrogeological situation was the cause of entry into the
groundwater monitoring well. As is evident from the diagram in
Figure 12, only in five (3.3 %) cases exceeding the limit value
leaching from a treated area could not be ruled out.
The majority of monitoring well findings (142 cases, 94.1 %)
was attributable to surface water entry, wastewater effects, point
sources, monitoring well contamination, and unsuitable moni-
toring wells.
4 Discussion
The evaluation of these data shows the particular need for high
quality monitoring in wells, sampling and analysis to enable a re-
liable assessment of plant protection products by groundwater
monitoring studies. For one, this type of monitoring well must re-
liably preclude artificial influences, such as surface and waste-
water entry. For another, sampling for concentrations at the trace
level requires special precautionary measures to prevent sample
contamination. Also, the analysis of groundwater samples calls
for a high standard of quality of the examining laboratory both
regarding the methods and experience in the analysis of the re-
spective substance (HÄFNER, 2000). A certified analysis alone is
no guarantee for the validity of the reported finding. Positive
findings, especially individual findings, should generally be sup-
ported by an evaluation of the conditions of use and of the envi-
ronmental conditions at the site, a repetition of the sampling and
the analysis. HÄFNER (1994) proposes the use of the following
plausibility criteria to check, whether a re-inspection of the find-
ing is necessary: properties of the active substance, typical uses,
magnitude and properties of the top soil layer, possibility of the
influence of surface water, occurrence of concentrations above
Figure 11. Monitoring well with finding due to natural leaching.
Abb. 11. Messstelle mit Fund aufgrund natürlicher Versickerung.
Figure 12. Percent distribution of the findings by cause class.
Abb. 12. Prozentuale Verteilung der Fundmeldungen auf die einzelnen
Ursachengruppen.
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1 µg/L, and presence or absence of other substances in the sam-
ple being typical for such a finding. This prevents false positives
from being assessed as entries into the groundwater.
Previously, the assessment of plant protection product findings
in groundwater was made difficult by several factors. For exam-
ple, the practice that groundwater findings were only reported to
the manufacturer, or approval holder, of the product at the earli-
est two to three years after they were identified lead to significant
problems with the clarification of the finds. Land use and own-
ership had often changed over time and could simply not be re-
constructed. Also, data were withheld because of privacy laws.
The prospects of a successful evaluation were diminished as a re-
sult and stopping the cause of entry was possibly delayed. How-
ever, especially with respect to measuring site construction and
securing the findings marked improvements are noticeable in
several German federal states.
The states’ monitoring programme sampled 12,866 monitor-
ing wells from 1990 to 1995 (UMWELTBUNDESAMT, 2003 b).
About 2,000 to 4,000 monitoring wells respectively were sam-
pled for the five active substances investigated in the evalua-
tion based on information from the Federal Environmental
Agency (status as of 1999; 2003 b). Only a minute number of
reported findings was able to measure up to this clarification
with respect to their approval relevance. The 151 clarifications
of findings revealed that the majority of monitoring well val-
ues (142 cases, 94 %) were attributable to surface water entry,
wastewater effects, point sources, monitoring well contamina-
tion and unsuitable monitoring wells. These entry sources re-
sult in a non-substance-specific transport for the active ingre-
dient. Some findings from sampling sites were false positives
or the samples were not taken from the groundwater. These
findings do not permit conclusions regarding the leaching
properties of the active substances of plant protection products
and their area wide leaching. All these cases (94 % of all ex-
amined findings) must be assessed as not being approval rele-
vant. The affected monitoring wells, to the extent that moni-
toring well related causes are involved, must be removed from
the groundwater quality monitoring programme for the assess-
ment of plant protection products.
Only in nine cases (6 % of 151) was a direct relationship es-
tablished to regulation-compliant use of the active substances on
agricultural or other land. In four cases special hydrogeological
circumstances contributed to their translocation into the ground-
water. Technical measures for preventing the high infiltration
rates at a groundwater sensitive location could easily provide a
remedy (e.g., by putting in subsoil drainage). In some case this
would have been already possible during the setting up of the re-
spective water protection areas. Only in the remaining five cases
it was not possible to rule out approval-relevant leaching from
the treated land. Considering the monitoring density and the
widespread application of the substances, this is a very low num-
ber. However, it is imperative that both manufacturers and dis-
tributors of active substances must continue to pay close atten-
tion to groundwater protection in product development and mon-
itoring of product use.
The Expert Advisory Council on Environment Issues (Envi-
ronmental Council, SRU) of the German Environmental Min-
istry in its latest report extensively treated the use of plant pro-
tection products in agriculture in Chapter 4.3 (SRU Report, p.
223 ff, 2004). A focal point of the chapter is the entry of active
substances into groundwater. The Council for Environmental Is-
sues describes the groundwater status of 20 substances in the pe-
riod from 1996 to 2000 and compares it to the period from 1990
to 1995. From this comparison it was concluded, the approval
procedure for agricultural plant protection products would be in-
adequate, for example, because the frequency of reported find-
ings was not declining. Quotes were provided to prove that hu-
man health and the environment are endangered by the use of
plant protection products in agriculture. Therefore, the result of
the evaluation presented in this study will be discussed in rela-
tionship to the new list of findings in the Council’s report. There
are four major defects in the Council’s representation:
(1) The development of findings should be considered with a
statistical evaluation method suitable for trend analysis. The
claim, which in the report is based on the comparison of broad
concentration ranges, that the frequency of findings has re-
mained constant for years and that, therefore, the approval pro-
cedure has failed goes awry. A supported trend development (ris-
ing, falling or constant) was not presented for this claim. HÄFNER
already recommended in 1999 a sceptical consideration of
anonymised statistics for plant protection product findings that
do not contain essential ancillary information for a scientific as-
sessment. In this context, HÄFNER (1996) examined publications
of GREENPEACE (1996) and WOLTER (1995). Examinations of al-
legedly limit-exceeding monitoring wells and statistics suitable
for a trend analysis demonstrate in his opinion that statements re-
garding groundwater contamination in the cited (and other) pub-
lications are misleading. HÄFNER (1999) summarised that it was
insufficient to divide the annual results into three broad classes
of > 0.1 µg/l, n.n. < x ≤ 0.1 µg/L and n.n. (n.n. = not detected) if
a trend is to be demonstrated. Changes within the classes are con-
cealed by their too broad ranges. “Plant protection product con-
centrations must for an assessment of their course over time be
presented in a matter that is precisely specified and locational”
(HÄFNER, 1999). The lowering of the limit of detection that is
possible due to technical advances in analysis also results in an
apparent increase of findings in the middle class > n.n. Unfortu-
nately, the deficiencies identified by HÄFNER in the publications
of GREENPEACE (1996) and WOLTER (1995) also apply to the find-
ing list in the report of the Environmental Council. The sweep-
ing conclusions should have been supported with suitable statis-
tics.
(2) The Council’s report does not differentiate findings that
originate with a high degree of certainty from railway land
and those that stem from actual agricultural use.
For example, the active substance bromacil (Rank 3 in SRU Re-
port 2004, p. 290) is almost exclusively used in weed control on
railway tracks. Contamination with triazine herbicides also orig-
inates to a large extent from old contamination that has accumu-
lated in the environs of railways and is only slowly degraded.
Evaluations by the Saarland State Office for the Environment
(LANDESAMT FÜR UMWELTSCHUTZ DES SAARLANDES (2002))
which differentiates between agricultural and railway use up-
stream of the monitoring wells demonstrate this in an illustrative
manner. The findings stem to a significant extent from applica-
tions at a time when the current drinking water limit was not yet
applied to groundwater. Already in the late 1980s these applica-
tions would not have been permitted because of the high appli-
cation rates. Since then the approval procedure has become much
stricter. Also, in agriculture far lower amounts are applied since
then.
(3) The Council’s report does not differentiate between inap-
propriate waste disposal and pipe leakage on one hand and
correct use in agriculture on the other as sources of ground-
water contamination.
59% of the clarified reports in this study were caused by in-
correct waste disposal and pipe leakage. These findings are
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not related to the product approval and regulation compliant
use on agricultural land. However, a considerable effort by the
wastewater disposal industry is required: wastewater pipes
must be in a sound state so that leaks and direct introduction
of domestic and farm water with their multitude of active sub-
stances (of agricultural and non-agricultural origin) can be
avoided. Even remote farm locations should be connected to
the network. Sewage systems are also significant surface wa-
ter polluters (BACH et al., 2000). However, the demand for a
zero emission is probably (in this case as well) a wish difficult
to fulfil. The Council’s report by not differentiating wrong-
fully creates the impression that findings are all attributable to
technically correct use in agriculture and subsequent leaching
into the groundwater.
However, it is possible to further reduce the contamination of
surface waters (not groundwater). The official plant protection
services of the states as well as research and industry have al-
ready achieved a significant sensitisation of farmers and in-
creased surface water protection with their information cam-
paigns and advisory services for farmers (BACH et al., 2000,
FISCHER et al., 1996, IVA websitewww.h2ok.org). The efforts to
reduce avoidable entry into water bodies are also evident in suc-
cessful cooperative projects with the water industry (e.g., MAN-
TAU, 2004 / Stever Projekt). Consulting is the most certain sup-
port in product application, avoiding unnecessary applications
and supporting correct disposal. Further efforts in that area are
reasonably possible and required (AUGUSTIN, 2003). However,
the attempt to generally transfer the drinking water limit to all
surface waters would amount in practice to a “drainage prohibi-
tion” (e.g. by subsoil drains) for many cultivated lands and a pro-
hibition of many plant protection products. At this point, the
mechanistic connection of inherent active substance properties
and leaching potential may be noted, which is why this approval
procedure has been and is effective and successfully regulating
in this area. The active substance behaviour in association with
the amount applied and application timing can be predicted by
simulations and experiments. However, entry into surface waters
is largely active substance independent. Surface water entry can
generally only be affected by consulting-sensitive user behaviour
during application and waste disposal as well as by a seamless
sewage system.
(4) The Council’s report suggests that the protection of
groundwater in the approval procedure is incomplete.
The leaching potential of plant protection products has been ex-
amined since the mid 1990s with model calculations and higher
level three-year lysimeter tests and can no longer be compared to
the state of the mid-1980s. The current study requirements for as-
sessing the leaching potential are described in summary by ADEN
et al. (2002), MICHALSKI et al. (2004), and others. The toxicolog-
ical testing of the substances during the approval procedure,
which precludes with a high degree of certainty danger to human
health due to the use of plant protection products, is described in
detail by PFEIL and NIEMANN (2004), SCHELLSCHMIDT et al.
(2004), MÜLLER et al. (2004) and others. The high level of cer-
tainty of this approval procedure
1
is convincingly confirmed by
the evaluation of the groundwater monitoring on a national scale.
For conspicuous active substances in findings it was demon-
strated that in only five cases an approval relevant leaching from
treated land could not be ruled out. Considering the examination
density, the widespread use and the many years of use of the sub-
stances this is a remarkably low figure. The conclusions of the
Council’s report that groundwater is insufficiently protected can-
not be demonstrated from its comparison of finding frequencies
from 1990 to 2000. The result of the finding clarifications pre-
sented here shows that the opposite is true. Most findings cannot
stand up to an examination of their relevance to the approval
process.
For these four reasons the Council’s recommendations for ac-
tion regarding a stricter approval procedure are also subject to
doubts. The share of technically correct and regulation-compli-
ant plant protection measures in cases exceeding the limit in
groundwater is insignificant. Nevertheless, the Council’s report
suggests with claims of cases exceeding the limit in the ground-
water and an allegedly insufficient approval procedure that there
is a hazard to humans and the environment caused by current
plant protection practices in agriculture.
The conclusions of the Expert Advisory Council on Environ-
mental Issues are insufficiently supported but, notwithstanding,
they are frequently and uncritically quoted. A factual representa-
tion of the situation, a rational benefit/risk analysis of available
alternatives for action and a rational formulation of priorities is
rendered more difficult as a result.
5 Recommendations
The following recommendations for the future can be derived
from the evaluation of findings:
The selection of monitoring wells that are used for an assess-
ment of the potential leaching risk of plant protection products
into the groundwater requires a critical examination. For an as-
sessment, only high quality monitoring wells located at appro-
priate sites and free of extraneous influences should be used. As
a minimum, the 1999 quality criteria of the Working Group of the
Federal States on water issues (LAWA) must be met.
Sampling of groundwater for plant protection product analysis
requires special qualifications and caution by the personnel to
prevent sample contamination.
The testing laboratory should comply with the highest quality
standards both with respect to the methodology as well as to ex-
perience with substance analysis in the trace range (participation
in ring tests, method validation).
In cases of positive findings, an on-site plausibility check by
the primary examiner must be performed. Positive findings, es-
pecially individual findings, should generally be supported with
a repetition of the sampling and analysis.
Secured findings must be reported without delay to the per-
mit holder for further clarification and a stoppage of the cause
of the introduction (also in the meaning of groundwater pro-
tection).
Interpretation of finding statistics should only be based on re-
cent and valid measurements as well as on suitable statistical
evaluations.
As a principle, approval-relevant findings must be treated
differently from findings that were not caused by technically
correct and regulation-compliant application of the substances.
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